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Summary: Novel chemistry is reported for the formation
of internucleoside sulfonate and sulfonamide linkages.

The antisense oligonucleotide approach to gene regula-
tion offers an exquisitely specific chemotherapeutic
strategy to disrupt pathogenic diseases such as viral,
bacterial, and parasitic infections as well as cancer.? This
specificity is inherently built into the antisense oligo-
nucleotide via the information contained in the nucleotide
sequence and theoretically allows the selective inhibition
of target gene expression through specific base pairing (in
a Watson—Crick sense) or hybridization to the target se-
quence thus selectively disrupting only the utilization
(transcription, translation and replication) of the target
gene or messenger RNA within the cell.

Considerable attention and laboratory effort has been
expended in an attempt to propel antisense agents into the
clinic and, while this goal has not been realized, significant
advances have been made. In an effort to extend the
pharmacological utility of the natural phosphate-linked
antisense oligomers, which suffer from poor cellular
permeability and rapid degradation through the action of
plasma and intracellular nucleases, nonionic oligo-
nucleotide analogs and nuclease-resistant phosphate-based
linkers have been developed The methylphosphonate-,?
phosphorothioate-,* and phosphorodithioateS-based oli-
gomers are representative of this approach. We feel,
however, that each of these congeners suffers inherent
shortcomings which will compromise the effectiveness of
any resultant drug. Because of our conviction that the
ideal internucleoside linkage should be both achiral (to
maximize potency and simplify oligomer synthesis and
purification) and nonionic (to facilitate cellular uptake),
we embarked upon a program to design oligonucleotides
based on a general, easily accessible phosphate isostere
which would avoid the difficulties encountered in the
earlier generation of linkers.

The close homology between the SO, and the POy”
moieties in terms of size, bond angles, and bond lengths
suggested that such a sulfur-based nonionic oligonucleotide
might overcome several of the aforementioned drawbacks
of other modified oligonucleotides.’’ In addition to the
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nuclease resistance the sulfonyl-based DNA congeners
should share with other oligonucleotide surrogates,® these
nonionic oligonucleotide analogs should also have enhanced
lipid membrane permeability relative to the charged oli-
gonucleotides which should augment cellular availability.
Unlike previously reported classes of nonionic DNA ana-
logs, some of which have been hampered by poor aqueous
solubility, the polarity of sulfonyl-based oligomers should
improve solubility. While the sulfonamide link is only
weakly acidic, an important requirement for cell permea-
bility, this property may confer added solubility to longer
sulfonamide-based oligomers over other nonionic linkages.
Even without ionization, the added hydrogen bonding
capacity of this link should improve solubility of sulfon-
amide-based oligonucleotides.® However, if ionized (po-
tentially in a basic pocket of an enzyme active site), the
resulting anionic sulfonamide linkage would undoubtedly
be isoelectronic and essentially isosteric with the natural
phosphate linkage, although the negative charge would be
delocalized over bridging and nonbridging atoms of the
sulfonamide linkage. The isoelectronic and isosteric nature
of both the sulfonate and sulfonamide linkers may thus
be relevant to the potential of these sulfonyl-based oli-
gomers to bind to enzyme active sites, e.g., that of RNase
H, an enzyme activity critical for the catalytic destruction
of target mMRNA.% Although there are no examples of any
neutral oligonucleotide that can replace DNA (in a duplex
of mRNA-DNA) as a recognition element for ribonuclease
H, we feel that no uncharged analogs have been tested
which have such a close homology with the natural
phosphate link. Finally, the sulfonyl group is achiral,
obviating the difficult syntheses and purifications required
with some other groups, viz. methylphosphonate and
phosphorothioate, to obtain diastereomerically homoge-
neous material. In this paper we wish to report the syn-
thesis of thymidine dimers containing either a 3'- to 6'-
sulfonate or sulfonamide internucleoside linkage.

Our synthetic strategy was based on utilization of the
readily available 5’-homologated thymidine sulfonic acids
(1a-b, Scheme I), which were converted on an XAD-4
column to their more organically soluble N,N-diiso-
propylethylammonium salts.!® A variety of coupling
methodologies were pursued, in model reactions as well as
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dimer formation (see Table I).!%!2 Among the model
reactions studied were those leading to the isopropyl ester
(6) of 1a, the neopentyl ester (7) of 1a, the 3’-O-butane-
sulfonate (8) of 3a, and the 3’-N-butanesulfonamide (9)
of 3b.1* Compound 6, in contrast to reports on the sta-
bility of similar compounds, appears to be relatively
unstable and is partially cleaved by silica gel chromatog-
raphy and decomposes completely on sitting at room
temperature for an extended period. Furthermore, the
isopropyl ester is quantitatively cleaved under reductive
conditions (either H, (atm)/10% Pd-C or NH,*-
HCO0O07/10% Pd-C). The neopentyl ester 7, however,
appears to be stable to isolation and storage.

Although many reagents have been reported for the
synthesis of carboxylate and phosphate esters and amides
from the respective acids, application of these reagents to
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Table I. Strategies for Formation of Sulfonates and
Sulfonamides®

R’OH or yield

o ju

Z 0
-

a) X = NH, R = Ny
b)X = 0, R = Ny
c) X = 0, R = OCOCH,

coupling agent RSO;H R’'NH, (%) ref
tipsyl Cl BuSO;Na 3a 75 1la
tipsyl Cl BuSO3;Na 3b 26 1la
tipsyl Cl la 3a 60 1la
tipsyl nitrotriazole la 3b 7 11b
tipsyl Cl la i-PrOH 50 1la
Ph;P/TfOTS la i-PrOH 36 1lc
Ph,P/TfOTE la 3b 30 11c
tipsyl Cl la (CHy)sCCH,OH 34 1la
triphosgene/DMF/ 1a 3b 62 11d,15
pyridine
triphosgene/DMF/ 1la 3a 65 11d,15
pyridine
triphosgene/DMF/ 1b 3a 43 1lld.e
DBU
triphosgene/DMF/ la 3b 65 1ld,e, 15
DBU
triphosgene/DMF/ 1a 3a 90 11d.e, 15
DBU

¢ Unsuccessful methods examined are briefly mentioned in ref
12,

sulfonic acid esters and amides is not necessarily
straightforward, leading to an examination of a number
of mild approaches to the activation and subsequent de-
rivatization of sulfonic acids (see the Table I). After in-
vestigation of a variety of coupling approaches and con-
ditions, we found that it was possible to generate a sulfonyl
chloride in high yield under very mild conditions using the
reagent triphosgene.!!d While the sulfonyl chloride could
be isolated, better coupling yields were obtained by im-
mediate reaction of it with either 8a!¢ or 8b.!® It is notable

(14) Horwitz, J. P.; Urbanski, J. A.; Chua, J. J. Org. Chem. 1962, 27,
3300-3302.

(15) Synthesized via reduction of the known compound, 3'-azido-5'-
tritylthymidine (see: Glinski, R. P.; Khan, M. 8.; Kalamas, R. L.; Sporn,
M. B. J. Org. Chem. 1973, 38, 4299-4305), using 10% palladium on
activated carbon under atmospheric hydrogen pressure. The paper de-
scribing this derivative is in preparation.
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that the coupling of the sulfonyl chloride with both 3a and
3b is greatly enhanced by the presence of a catalytic
amount of DBU, presumably via a previously proposed
mechanism.!'* Three sulfonyl-bridged thymidine dimers
4a—c were prepared via this method.!® Additionally, 4a,
the 3’-azido-terminated sulfonamide dimer, was reduced

(16) General Procedure for the Preparation of 4a—c. To a solution
of 1a or 1b (0.56 mmol) in dry CH,Cl, (2 mL) under dry N, was added
1 drop of dry DMF followed by the addition of triphosgene (83 mg, 0.28
mmol). The resulting solution was stirred at ambient temperature for
1h. TLC (CHCl;-MeOH (7:3)) indicated the complete disappearance of
1 with the formation of a single spot on TLC (silica gel, R;0.45 in THF)
which corresponds to the sulfonyl chloride (2: R = Ng) when isolated.
To this reaction mixture was added a solution of 3a or 3b (0.56 mmol)
and DBU (0.09 mL, 0.6 mmol) in dry CH,Cl, (2 mL). The reaction was
stirred at ambient temperature for 16 h. The solvent was evaporated
under reduced pressure, and the product was purified on a 2-mm silica
gel preparative TLC plate (CHCl;~MeOH (9:1)) to yield 4a—c. 4a: yield
65%; mp 154-155 °C; 'H NMR (Me,SO-dg) 6 1.50 (s, 3 H, CHj), 1.76 (s,
3 H, CH,), 1.92-2.14 (m, 2 H, 5”-CH,), 2.20~2.36 (m, 2 H, 2”-CH,),
2.42-2.56 (m, 2 H, 2’-CH,), 2.98-3.18 (m, 2 H, O,SCH,), 3.20-3.28 (m, 2
H, 5-CH,), 3.68-3.78 (m, 1 H, 4”-CH), 3.86-3.94 (m, 1 H, 4'-CH),
4.06-4.20 (m, 1 H, 3’-CH), 4.28-4.35 (q, 1 H, 3"-CH), 6.05-6.10 (t, 1 H,
1”-CH), 6.14-6.18 (t, 1 H, 1’-CH), 7.23-7.44 (m, 16 H, trityl H and 6 H),
7.51 (s, 1 H, 6 H), 7.70 (bs, 1 H, SO,NH), 11.34 (bs, 2 H, 2 thymine NH);
13C NMR (Me,SO-dg) 6 11.7, 11.9 (2 CHy's), 26.9 (5”-C), 35.1 (2”-C), 37.6
(2-C), 48.6 (0,SC), 52.0 (3'-C), 62.2 (3"-C), 62.6 (5'-C), 80.5 (4”-C), 82.6
(4’-C), 83.2, 83.3 (1’-C and 1”-C), 86.3 (trityl C), 109.4, 109.9 (two 5-C’s),
127.0, 127.7, 128.1 (aromatic C), 135.6, 136.1 (two 6-C’s), 143.3 (aromatic
C), 150.1, 150.2 (two 2-C’s), 163.4, 163.5 (two 4-C’s); IR (KBr) em™ 2105
8 (Ng), 1690 bs (CO), 1468, 1449, 1271, 1142; FAB-MS (negative mode)
m/e 809 (M - H)~. Anal. Calcd for CoHpNz0oS-H,0: C, 57.96; H, 5.34;
N, 13.35. Found: C, 58.11; H, 5.28; N, 13.04. 4b: yield 90%; mp 125-127
°C; *H NMR (Me,SO-dg) 6 1.28 (s, 3 H, CHp), 1.48 (s, 3 H, CHj), 2.02-2.20
(m, 2 H, 5”-CH,), 2.24-2.40, 2.45-2.60 (2 m, 4 H, 2’-CH, and 2”-CH,),
3.22-3.36 (m, 2 H, 5’-CH,), 3.40-3.60 (m, 2 H, OSO;CH,), 3.76-3.84 (m,
1 H, 4”-CH), 4.32-4.40 (m, 1 H, 4-CH), 5.32-5.40 (m, 1 H, 3-CH),
6.07-6.12 (t, 1 H, 1’-CH), 6.20-6.24 (t, 1 H, 1”-CH), 7.24-7.42 (m, 15 H,
trityl H), 7.46 (1s,1 H, 6 H), 748 (1 5, 1 H, 6 H), 11.34 (bs, 2 H, 2 NH's);
IR (KBr) em™ 2105 s (N3), 1692 bs (CO), 1468, 1449, 1365, 1273, 1170;
FAB-MS (negative mode) m/e 810 (M - H)". Anal. Caled for
CoHN;0,,S8-1.5H,0: C, 57.27; H, 5.28; N, 11.68. Found: C, 57.28; H,
5.27; N, 11.72. 4c: yield 43%; mp 139-142 °C; 'H NMR (Me,SO-dg) &
1.28 (s, 3 H, CHy), 1.76 (s, 3 H, CHj), 2.06 (s, 3 H, COCH,), 2.10-2.28 (m,
3 H, 5”-CH, and 2”-CH), 2.46-2.48 (m, 3 H, 2’-CH, and 2"-CH,),
3.24-3.30 (m, 2 H, 5’-CH,), 3.28-3.58 (m, 2 H, 0,SCH,), 3.90-3.98 (mm,
1 H, 4’-CH), 4.18-4.24 (m, 1 H, 4’-H), 5.04-5.12 (m, 1 H, 3”-CH),
5.30-5.38 (m, 1 H, 3’-CH), 6.10-6.15 (t, 1 H, 1’-CH), 6.18-6.23 (t, 1 H,
1”-CH), 7.27-7.40 (m, 15 H, trityl H), 7.46 (s, 1 H, 6 H), 7.54 (s, 1 H, 6
H), 11.35 (s, 1 H, NH), 11.40 (s, 1 H, NH); IR (KBr) cm™ 1692 bs (CO),
1468, 1449, 1366, 1274, 1239; FAB-MS (positive mode) m/e 829 (M + H)*.
Anal. Caled for C,uH . N,0,58-H,0: C, 59.57; H, 5.47; N, 6.61. Found:
C, 59.63; H, 5.46; N, 6.48.
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to the 3’-amino derivative using 10% Pd-C in methanol
under atmospheric hydrogen to give 5 in very good yield.!
The amino derivative 5 could potentially be extended by
coupling chemistry reported herein.

In summary, novel chemistry has been reported for the
formation of both sulfonate and sulfonamide bonds, and
this chemistry has been utilized to form thymidine dimers
containing both internucleoside sulfonate and sulfonamide
linkages. Sulfonamide linked oligomers have never been
previously reported, and the method reported herein would
allow variation of the oligomer sequence both for sulfonates
and sulfonamides. This is a critical advancement if this
new linker is to have relevance in the antisense arena. We
are presently optimizing reaction conditions for both types
of linkages with all of the naturally occurring nucleoside
bases and, at the same time, pursuing the synthesis of
longer oligomers.

Acknowledgment. This work was supported by the
National Institutes of Health, Grant Numbers U01
AI26054 and U01 AI26061.

Supplementary Material Available: Experimental data for
2, 5 (detritylated), and 6-9 (3 pages). Ordering information is
given on any current masthead page.

(17) Preparation of 5. A solution of 4a (200 mg) in methanol con-
taining 10% Pd-C (20 mg, 10 mL) was stirred under hydrogen at at-
mospheric pressure for 16 h at ambient temperature after which time
TLC showed the complete disappearance of starting material. The sus-
pension was filtered through a pad of Celite, the filtrate evaporated, and
the resulting solid crystallized from a CHCl;-hexane mixture to yield 140
mg (72%) of a fine white solid which melted from 198 to 200 °C: 'H
NMR (Me,80-dg) 6 1.50 (s, 3 H, CHj), 1.76 (s, 3 H, CHj), 1.82-1.96 (m,
2 H, 5”-CH,), 2.01-2.08 (m, 1 H, 2"-CH,), 2.16-2.34 (m, 3 H, 5”-CH,
2”-CH, and 2/-CH), 2.40-2.54 (m, 1 H, 2-CH), 3.03-3.03 (t, 2 H, O,SCH,),
3.24-3.28 (m, 2 H, 5-CH,), 3.29-3.36 (m, 1 H, 4”-CH), 3.44-3.54 (m, 1 H,
3”-CH), 3.88-3.94 (m, 1 H, 4-CH), 4.10-4.18 (q, 1 H, 3’-CH), 6.07-6.10
(t,1H, 1”-CH), 6.12-6.19 (t, 1 H, 1’-CH), 7.14-7.43 (m, 16 H, trityl H and
6 H), 7.52 (s, 1 H, 6 H), 11.60 (bs, 1 H, NH); *C NMR (Me,S0-d;) & 11.7,
11.9 (2 CHy's), 26.7 (5”-C), 37.5 (2-C), 38.3 (2”-C), 49.1 (0,SCH,), 52.0
(3-C), 54.3 (3”-C), 62.6 (5'-C), 82.6, 82.8, 83.1, 83.3 (4’-C, 4”-C, 1'-C, 1”-C),
86.2 (trityl C), 109.3, 109.7 (two 5-C’s), 126.9, 127.7, 128.1 (aromatic C’s),
135.6, 136.0 (two 6-C’s), 143.2 (aromatic C), 150.1, 150.2 (two 2-C’s), 163.5
(two 4-C’s); IR (KBr) cm™ 3350 b (NH), 3440 b (NH), 1691 bs (CO), 1469,
1449, 1271, 1141; FAB-MS (positive mode) m/e 784 (M + H)*, Anal.
Caled for C,oH NgO,S-1.5H,0: C, 59.20; H, 5.79; N, 10.35. Found: C,
59.28; H, 5.83; N, 10.12.



